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@ Thermal spray powder. 

@ A thenmal spray powder which comprises a matrix-fonning component, a solid lubricant and a 
plastic ; and the production tiiereof. 
An abradable material which comprises 

(a) a substantially continuous matrix, the matrix being formed of a material selected from metals, 
metal alloys and ceramics, 

(b) solid lubricant inclusions dispersed throughout the matrix, and 

(c) plastic inclusions dispersed throughout the matrix ; and the production thereof. 
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The present invention relates to thermal spray powders and the use thereof in contposite abradable ooat- 
tngs which ar Jabricat jd usiog thermal spray processes. More specifically, it relates to thermal spray powders 
of the type having a solid lubricant component and composite abradable coatings therefrom. 

Materials v^ich abrade readQy in a controlled fashion are used in a number of applications, including as 
5 abradable seals. As will be appreciated by those skilled in the art, contact between a rotating part and a fixed 
abradable seal causes the abradable material to erode in a configuration which closely mates with and conforms 
to the moving part at the region of contact In otherwords, the moving part wears away a portion of the abradable 
seal so that the seal takes on a geometry which precisely fits the moving part, that is, a dose clearance gap. 
This effectively fonms a seal having an extremely dose tolerance. 

10 One particular application of abradable seals is their use in axial flow gas turbines. The rotating compressor 

or rotor of an axial flow gas turbine consists of a plurality of blades attached to a shaft which is mounted in a 
shroud. In operation, the shaft and blades rotate inside the shroud. The inner surface of the turbine shroud is 
most preferably coated with an abradable material. The initial placement of the shaft and blade assembly in 
the shroud is such that the blade tips are as dose as possible to the abradable coating. 

IS As wOl be appreciated by those skilled in the art, it is important to reduce backflow In axial flow gas turbines 

to maximise turbine efficiency. This is achieved by minimising the clearance between the k)lade tips and the 
inner wall of the shroud. As the turbine blades rotate, however, they expand somewhat due to the heat which 
is generated. The tips of the rotating blades then contact the abradable material and carve precisely defined 
grooves in the coating without contacting the shroud itself. It will be underatood that these grooves provide the 

20 exact clearance necessary to permit the blades to rotate at elevated temperatures and thus provide an effec- 
tively custom-fitted seal for the turbine. 

In other gas turbines, the initial dearance is somewhat greater and the abredatHe coating is intended to 
protect the shroud and blade tips against wear during transient conditions (e.g., power surges). 

In orderfor the turbine blades to cut grooves in the abradable coating, the material froni which the coating 

25 is fonmed must abrade relatively easily without wearing dov^ the blade tips. This requires a careful balance of 
materials in the coatings. In this environment, an abradable coating must also exhibit good resistance against 
partide eroston and other degradation at elevated temperatures. As known by those skilled in the art, however, 
these desirat>le characteristics have been difficult to obtain. 

A number of abradable coatings have been proposed by othera. These indude cellular or porous metallic 

30 structures, such as illustrated in US-A- 3 689 971 , US-A- 4 083 743, US-A- 4 526 509, US-A- 4 652 209, US-A- 
4 664 973 and US-A- 4 671 735. Low melting point metallic coatings of indium, tin, cadmium, lead, zinc, and 
aluminium alloys have been suggested for use in providing "ablative" seals wherein heat generated by friction 
melts a clearance gap in the coating. This approach is exemplified in US-A- 2 742 224 and US-A- 3 836 156. 
Still othera have proposed the use of hard ceramics such as Zr02 and MgO for use in forming abradable coatings 

35 as shown in US-A- 4 405 284, US-A- 4 460 31 1 and US-A- 4 669 955. 

In US-A- 3 508 955 a composite material Is disdosed which comprises a porous metal impregnated with 
a fluoride of metals selected from Groups I and II of the Periodic Table of Elements. The use of fluoride salts 
and a barium fluoride - calcium fluoride eutectic is specifically mentioned as is the use of the material in bearings 
and seals. It is also disdosed therein that the resultant material can be sprayed with a surface layer of fluoride 

40 eutectic slurry which is then dried and sintered. 

In US-A- 4 867 639, abradable coatings for use in turbine or compressor shrouds are disdosed which are 
described as low melting fluoride compounds such as BaF2» CaF2 and MgF2 incorporated into a higher melting 
temperature ceramic or metallic matrix. It is disdosed that, altematively, the soft ceramic phase may be used 
to fill or impregnate a honeycomb shroud lining made of the higher melting temperature hard ceramic or metal 

45 alloy, so that the soft ceramic is not eroded by hot gases in the turbine. Zirconia and/or alumina are disdosed 
as the preferred high melting temperature ceramic, and NiCr and NiCrAI are disdosed as preferred metals. 

The use of metal matrix coatings having a plastic component such as a polyimkle are also known for use 
in forming an abradable seal in high-efficiency compressora. Due to the lower temperatures generated in the 
compressor and the fact that the rotating blades are generally softer than those found in the turbine section, 

so plastics have been used in lieu of solid lubricants such as CaF2. WhOe the lower melting point of plastics is 
advantageous in such low temperature applications, the use of these coatings often results in the accumulation 
of residue on the rotating blades as well as a gradual increase in the gap t>etween the blad and the coating 
because of thermal effects. 

Therefore, it would be desirable to provid a composit material which abrades readDy without produdng 

55 significant wear of rotating parts. It would also be desirable to provide such a material which can be fabricated 
using conventional thermal spray techniques. It would still further be desirable to provkle such a coating which 
could be used to form abradable seals in relatively low-temperature environments wherein the seal material 
does not adhere to rotating parts. It would still further be desirable to provide a coating for forming abradable 
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seals which can be custom fomiulated for a particular operating nvironment 

The present invention achieves these goals by providing thermal spray powders and composite coatings 
made with these powders which contain a matrix component, a solid lubricant component and a plastic com- 
ponent. 

5 According to the present invention there is provided a thermal spray powder which comprises a matrix- 

forming component, a solid lubricant and a plastic. 

The present invention also provides an abradable material which comprises 

(a) a substantially continuous matrix, the matrix being formed of a material selected from metals, metal 
alloys and ceramics, 
10 (b) solid lubricant inclusions dispersed throughout the matrix, and 

(c) plastic inclusions dispersed throughout the matrix. 

Thus, in one aspect, the present invention provides thenmal spray powders which have at least three com- 
ponents, namely: a matrix-forming materia! which is preferably a metal, a metal alloy, or a ceramic material; a 
solid lubricant which is preferably more lubricious than the matrix-forming components; and a plastic. In one 
15 preferred embodiment, the thermal spray powders of the present invention are agglomerated particles com- 
prising a central mass of plastic on which the matrix-forming and solid lubricant components are attached. 

Also, in another aspect, the present invention provides abradable materials, particularty abradable coat- 
ings, having a matrix portion in which a solid lubricant and a plastic are embedded. The matrix preferably com- 
prtees either a metal, a metal alloy, or a ceramic. The solid lubricant is preferably a ceramic compound such 
20 as, for example, CaF2, which is more iutuiclous than the matrix material. The plastic component is most pref- 
erably a polyimide. Numerous conventional thermal spray techniques can be used to fonm the coatings of the 
present invention. 

In one emk>odiment, the present invention provides thermal spray powdera for use in forming abradable 
materials such as, for example, coatings for turbine shrouds, compressor housings and other applications in 

25 which it is necessary to form an abradable seal. The thermal spray powders of the invention may be considered 
to be characterised by the incorporation of three components comprising: a first material which forms a matrix 
or quasi-continuous phase; a second material which serves as a solid lubricant in the final coating; and a third 
material which is a plastic. As will be described more fully herein, the combination of a solid lubricant and a 
plastic distributed in a matrix provides a synergistic result which in abradable coatings have unexpected 

30 superior characteristics over prior art materials. 

The first component, i.e., the material which forms a matrix for the other materials, is selected from the 
group consisting of metals, nr^tal alloys, and ceramics. As used herein "ceramic" shall be defined so as to 
include compounds of metallic and non-metallic elements. 

Preferred metals for use as the matrix-fonming component of the present invention may be selected from 

35 aluminium, titanium, copper, zinc, nickel, chromium, iron, cobalt and silicon. Alloys of these metals are also 
preferred for use as the first component of the present invention. Where the firet component is a metal or a 
metal alloy, It preferably comprises from about 10 to about 90 percent by weight, more preferably from about 
20 to about 70 percent by weight and most preferably from 30 to about 50 percent by weight of the thermal 
spray powder. 

40 Preferred ceramics for use as the matrix-forming component of the present invention may be selected from 

alumina, titania, fully or partially stabilised zirconia, multicomponent oxides, including titanates, silicates, phos- 
phates, spinels, perovskites, machinable ceramics (e.g. Coming Maoor ^ and combinations thereof. Where 
the first component is a ceramic, it preferably comprises from at>out 5 to about 90 percent by weight, more pref- 
erably from about 20 to about 70 percent by weight and most preferably from about 20 to about 40 percent by 

45 weight of the thermal spray powder. 

Preferred solid lubricants for use as the second component of the present inventk3n are ceramics, such 
as, for example, ceramic fluorides, sulphides and oxides, particularty CaF2. MgFa, M0S2, BaF2, and fluoride 
eutectics such as, for example, BaF2/CaF2. Other solid lubricants such as, for example, hexagonal BN may 
also be suitable for use in the present invention. The solid lubricant ceramic preferably comprises from about 

so 1 to about 50 percent by weight, nrx>re preferably from about 1 to about 40 percent by weight and most preferably 
from atxujt 1 to about 20 percent by weight of the thermal spray powder. 

Preferred plastics for use as the third component of the present invention are thenmoplastics. although it 
is anticipated that thermosetting plastics may be suitable in some applications. Plastics suitable for use in the 
present invention should desirably not become brittle at service temperatures and should desirably not abrade 

55 rotating surfaces which contact the final coating. The preferred plastics should withstand temperatures at least 
up to 121*'C (250**F) without changes. It is believed that a broad range of molecular weights will b suitable. It 
is estimated that the weight average molecular weight of suitable plastics may range from approximately 500 
to 1,000,000, although other values may also be suitable in some instances. The molecular weight should pro- 
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vid the desired functional characteristics 6f the plastic component 

The preferred plastics are polyimides such as those described in US^- 3.238 181, US-A- 3 426 098 and 
US-A- 3 382 203, most preferably themnoplastic polyimides, polyamide-imides. polyetherimides, bismalemides, 
fluoroplastics such as. for example, PTFE, FEP. and PFA. ketone-based resins, also polyphenylene sulphide, 
5 polybenzimidazole aromatic polyesters, and liquid crystal polymers. Most preferred are imidized aromatic 
polyimide polymers and p-oxybenzoyi homopolyester such as disclosed in US-A-3 829 408 and poly(para- 
oxybenzoyimethyl) ester. Torion ™ and EKONOL ™ are also preferred. 

In some instances, graphite may be substituted for all or a portion of the plastic component in the present 
invention. With respect to the themial spray powders of the present invention, a plastic preferably comprises 
10 from about 5 to about 90 percent by weight, more preferably from about 20 to about 70 percent by weight and 
most preferably from about 30 to about 50 percent by weight of the thenmal spray powder. 

Although the most preferred thermal spray powders of the present invention are provided as agglomerates 
of the three materials, i.e., matrix-fonmihg component, solid lubricant and plastic, alternatively, the powders of 
the present Inventton may comprise blends of discrete partides of each of the three components. In this alter- 
15 native embodiment, segregation in storage and during spraying as well as differential vaporization or oxidation 
of the components may produce less desirable coatings. Where the components are provided as blends of dis- 
crete particles, the matrix-forming component has an average particle size of from about 5 jim to about 125 
ixm if metallic, with the particles ranging in size from about 1 ^m to about 150 ^m; and from about 5 ^m to about 
125 nm if ceramic, with the particle size ranging from about 1 ^im to about 150 ^m. The solid lubricant has an 
20 average particle size of from about 1 ^m to about 125 ^m, with the particle size ranging up to about 150 ^m; 
and the plastic has an average particle size of from about 5 ^m to about 125 pm, with the particle size ranging 
from about 1 ^m to about 150 ^m. 

The present invention will now be more fully explained in the following description of a preferred embodi- 
ment of the invention with reference to the accompanying drawings, wherein: 
25 Figure 1 Qlustrates an agglomerated thermal spray particle in accordance with the present invention; 

Figure 2 is a diagrammatic cross section of an abradable coating made in accordance with the present 
invention; and 

Figures 3 to 5 aro photomicrographs of an abradable coating made in accordance with the present inven- 
tion. 

• 30 The preferred agglomerates of the present invention are best described with reference to Figure 1 of the 

drawings. Accordingly, agglomerate 20 is shown having partides of a first component 22, for example, an alum'i- 
nlunrvsilicon alloy, and a second component 24, i.e., a solid lubricant such as. for example, CaF2. embedded 
in the surface of a third component 26 such as. for example, a polyirnide. The first component serves, as pre- 
viously described, as the matrix-forming component, while the solid lubricant and plastic render the coatings 

35 abradable. As previously discussed, the first component of the agglomerate may be a metal, metal alloy or 
ceramic material; the second component is a solid lubricant, the first and second components being embedded 
in or attached to the surface of the third component, i.e.. a plastic. 

The first component preferably comprises from about 5 to about 90 percent by weight; more preferably from 
about 20 to about 70 percent by weight; and most preferably from about 30 to at>out 50 percent by weight of 

40 agglomerate 20. The second component preferably comprises from about 1 to about 50 percent by weight; more 
preferably from about 1 to about 40 percent by weight; and most preferably from about 1 to about 20 percent 
by weight of agglomerate 20. The third component preferably comprises from about 5 to about 90 percent by 
weight; more preferably from about 20 to about 70 percent by weight; and most preferably from about 30 to 
about 50 percent by weight of agglomerate 20. 

45 A number of methods of fonming agglomerate 20 are suitable for use; however, particulariy preferred is the 

mechanical fusion or agglomeration process set forth in our European Patent Application 913 (our reference 
P83825 EP) (daiming priority from United States Patent application entitled Binder-Free Agglomerated Pow- 
. ders. Their Method of Fabrication and Methods for Forming Thennal Spray Coatings, Serial No. 07/615771). 
filed on even date herewith, the entire disdosure of which is incorporated herein by reference. 

so Accordingly, the three components (matrix-forming constituent, solid lubricant and plastic) are placed in a 

rotatable drum in which at least one treatment member is suspended. The drum may be generally cylindrical, 
having a continuous curved inner wall. The treatment member has an impact surface which is positioned adja- 
cent the continuous curved portion of the drum. The materials are processed in the chamber by being centrifug- 
ally forced against the continuous curv d surface of the chamber, whereupon the materials move between the 

55 impact surfaces of the treating members and the continuous wall surface. Forces of shear and compression 
are thereby exerted on the materials, causing the materials to agglomerate. This effect can be enhanced by 
external heating (e.g. by a hot air gun). The resultant binder-free agglomerat d partides are a composite of 
the three materials, in one embodiment, the tr ating member is rotated along the same direction as the rotation 
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of the rotating chamber. Alternatively, the drum may be stationary with the treatm nt members rotating in the 
chamber to provide a similar result. The process parameters suitable for use in forming the th rmal spray pow- 
ders^by this process are set fortti niore fully in the aforementioned co-pending Eurbp an Patent Application. It 
may also be desirable to fonm the agglomerates of the present invention by conventional agglomeration techni- 

5 ques such as through the use of an inorganic or organic binder. 

In t)Oth of the above methods, the starting materials will generally be provided in the following size ranges: 
metal or metal alloy as the matrix-fonming component - average particle size from about 5 ^m to about 125 \m, 
with particles ranging in size from 1 vim to about 150^m; ceramic as the mairix-fonming component - average 
particle size from about 5 ^m to about 125 ^m, with particles ranging in size from about 1 ^m to about 150 ^m; 

10 solid lubricant - average partide size from about 1 |im to about 125^m, with particle size up to about 150 ^m; 
and plastic - average particle size from about 5 ^m to about 125 with particles ranging in size from about 
1 ^m to about 150 iim. 

in still another embodiment, the present invention provides a method of forming an abradable coating and 
novel coatings fabricated using the thermal spray powders disclosed herein. \A/ith reference now to Figure 2 

IS of the drawings, coating 30 is shown deposited on substrate 32 which may comprise the inner wall of a conrH 
pressor housing or the like. Coating 30 includes a matrix 34 formed of one of the above-mentioned prefierred 
matrix-fonming components such as, for example, an alloy of aluminium and silicon. Embedded in matrix 34. 
inclusions of one or more of the preferred plastics 36, such as, for example, a polyimlde, are shown. Also 
embedded in matrix 34 are solid lubricant inclusions 38, for example CaF2 particles. It to be understood that 

20 matrix 34 is a quasi-continuous phase while plastic 36 and solid lubricant 38 are generally dispersed within 
matrix 34 as discrete particles or bodies. 

A number of thermal spray devices and techniques can be used to form the abradable coatings of the pre- 
sent invention, including the apparatus and process disclosed in our European Patent Applications 89309077.9 
(EP-A-0361709) and 89309078.7 (EP-A-0361710). 

25 By way of illustration only, a thermal spray powder having the characteristics described in connection with 

Figure 1 of the drawings in which the matrix is AISi, the solid lubricant is CaFa and the plastic is polyimide, is 
preferably thermal sprayed at a feed rate of about 20 to 70 g/min. Each agglomerate is preferably 20 to 50 per- 
cent by weight matrix-forming component; 1 to 20 percent by weight solid lubricant; and about 30 to 50 percent 
by weight plastia The particles are sprayed using parameters suitable for the specific spray system. Parameters 

30 for the Plasma TechnDc F4 System for our powder are shown in the following Table I. 
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TABLE I 



Flatimi Case. Argon-Hydropen "•ilTTcIS'?" 

Nozzle 6W (Std) ton (Std) 

Powder Injector 2m 

Slxe 2n» ^ 

S^e 105 S"ree^ 105 degrees 

Disc (rpo) 75* 

Stirrer (rp«) 80 J" 

spreader j^'t,^a/.in) Pr...ure(b.r ) nov(L/»in) 

Primary 3.0 70 Ar 3.0 70He 

Secondary 3.0 8 ^.^ 30Ar 

Carrier 3.0 *».5 Ar 3.0 5 Ar 

Current (Amps) -1.50 50 

Voltage (V) approx. 67 ^VVrox. 50 

^ Spray rate (Ibi/hr) 4.5 - 5 ft.5 - 5 

Spray distance (inches) ^ 



3.5 



• As a starting point, adjust to indicated spray rate 

It will be recognised that the morphology and composition of the particles, whether agglomerates or discrete 
particles, can change during the spray process becaus of thermal and kinetic effects. The solid lubricant inclu- 
sions in the final coating wDI typically be substantially smaller than the plastic inclusions, for example, having 
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an average diam ter of up to 50 ^m. The plastic inclusion will typically have an average diameter of from at)out 
5 to 124 ^m . Both the solid lubricant and the plastic will be generally untfomdly dispersed in the matrix. The 
relative proportions of the three components in the coating will generally fall within the pref rred ranges set 
forth with respect to the portions of the materials in the agglomerates. 

5 The spray parameters are not generally critical, but must be compatible with the characteristics of the ther- 

mal spray powders as well as sufficient to provide a final coating as described herein. Thus, the temperature 
and velocity should allow the matrix-forming component to fuse, fonning a matrix. The conditions should be 
such thatneitherthe plastic component nor the solid lubricant substantially thenmally degrade or vaporize during 
spraying. The solid lubricant and plastic should also not segregate In the matrix, i.e., they should be generally 

10 randomly dispersed in the matrix. In use, the coatings of the present invention most preferably serve as abrad- 
able seals in turbine and compressor housings, although numerous other applications will be apparent to those 
skilled in the art. It may also be desirable to form near-net shape articles using the themnal spray powders of 
the present invention. It may also be desirable to intentionally oxidize or vaporize the plastic component prior 
to provide a more porous structure. 

15 In some instances, it may be advantageous for the plastic component of the coating to be removed by ther- 

mal treatment prior to service or by thermal exposure in service, leaving a matrix phase containing uniformly 
distrit>uted pores and solid lubricant inclusions. 

A number of specific coatings (and thermal spray powders used to fonm the coatings) are provided by the 
present invention which are deemed particulariy useful in fonming abradable coatings. More specifically, the 

20 combinations shown In Table II are particulariy preferred (all percents by weight of powder, excluding binder 
material) 

TABLE II 

25 
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Matrix-forming 
Co&pon t 

AlSi ^51 
CuAl 70% 
CuNi 701 
Ni Alloy 701 
re Alloy 70X 
Co Alloy 65X 
Co Alloy 65X 
CuNi Alloy 70X 



Solid Lubricant 



Plastic* 



CaFn 


lOX 


Polyinide 


U5X 


CaF^ 


5X 


Folyimide 


25X 


CaF^ 


5X 


Polyifflide 


25X 


CaF^ 


5X 


Polyiside 


23X 


CaFn 


5X 


Polyinide 


25X 


MoS^ 


lOX 


Polyinide 


25X 


BN 


lOX 


Polyinide 


25X 


BaF2-CaF2 


; 5X 


Polyinide 


25X 



May substitute aromatic polyester for all or part of polyinide 



40 The present invention will now be further described with reference to, but in no manner limited to, the fol- 

lowing Example. 

EXAMPLE 

45 1,000 grams polyimide powder (-140/+325 mesh), 1,000 grams of AISi alloy (12% by weight Si) powder 

(-270 mesh) and 220 grams of CaFz powder (approximately 2 ^m) were added to a soh^ent blend containing 
135 grams of organic binder. The ingredients were mixed at a temperature of about lAS^'C (300°F) until dry. 
The resulting agglomerates were removed and screened to yield a -70 mesh powder. The powder was plasma 
sprayed to fonm coatings on a low cart)on steel substrate. Figures 3 to 5 are scanning electron photo micro- 

so graphs of the resultant coatings. More specifically, in Figure 3 large (mostiy 44 to 105 ^m) inclusions of 
polyimide are seen embedded in an AISi matrix. In Figures 4 and 5, the coating has been subjected to radiation 
causing the CaF2 particles to appear as bright dots, illustrating the presence of CaF2 particles throughout the 
matrix. It will be noted that CaFj also attaches to the plastic bodies to some extent The coatings were found 
to abrade readfly. 

55 
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Claims 

1. A thermal spray powder which comprises a matrix-forming component, a solid lubricant and a plastia 

2. A powder according to claim 1, wherein the matrix-forming component is selected from metals and met- 
al-alloys. 

3. A powder according to claim 1 or 2, wherein the metal or metal alloy is selected from aluminium, titanium, 
copper, zinc, nickel, chromium, iron, cobalt, silicon, and alloys thereof. 

4. A powder according to claim 1, wherein the matrix-forming component is a ceramic. 

5. A powder according to claim 4, wherein the ceramic matrix-fbmiing component is selected from (a) oxides 
of aluminium, titanium, zirconium, silicon and combinations thereof, (b) a phosphate, (c) a spinel, (d) a 
parovskite. (e) a machinable ceramic. 

6. A powder according to any of claims 1 to 5, wherein the solid lubricant is a ceramic. 

7. A powder according to claim 6. wherein the ceramic solid lubricant is selected from (a) a fluoride, (b) a 
sulphide, (c) an oxide, (d) boron nitride. 

8. A powder according to dalm 7, wherein the ceramic solid lubricant is (a) a . fluoride selected from CaF2. 
MgF2. BaF2 and cornbinations thereof, (b) a fluoride eutectic, (c) a sulphide which is M0S2. 

9. A powder according to any of claims 1 to 8, wherein the plastic is thermoplastic. 

10. A powder according to any of claims 1 to 8, wherein the plastic is a thenmoset. 

11. A powder according to any of claims 1 to 8, wherein the plastic is selected from (a) a polyimide. (b) a po- 
lyimide-imide. (c) a polyether-lmide, (d) a bismaleimide, (e) a fluoroplastic. (f) a ketone-based resin, (g) a 
polyester, (h) a liquid crystal polymer. 

12. A powder according to claim 11, wherein the plastic is selected from (a) a thermoplastic polyimide, (b) a 
fluoroplastic selected from PTFE, FET and PFA. 

13. A powder according to any of claims 1 to 1 2, wherein there is, based on the weight of the thermal spray 
powder 

(a) about 5 to about 90 percent by weight of the matrix-fbnming component, and/or 

(b) about 1 to about 50 percent by weight of the solid lubricant, and/or 

(c) about 5 to about 90 percent by weight of the plastic. 

14. A powder according to any of claims 1 to 13. wherein the powder includes agglomerated particles con- 
taining the matrix^orming component, the solid lubricant and the plastic. 

15. A powder according to daim 14, wherein the agglomerated partides are spray dried agglomerates or 
mechanically fused agglomerates. 

16. A method of forming a thermal spray powder which comprises the steps of 

(1 ) combining (a) a matrix-forming component (b) a solid lubricant and (c) a plastic, (a) and/or (b) and/or 
(c) l)eing as defined in any of daims 1 to 13, and 

(2) agglomerating the matrix-fonming component, the solid lubricant and the plastic together to form 
agglomerated partides. 

17. Am thod according to daim 16, wherein there is also a step of combining a bind rwithth matrix-forming 
component, the solid lubricant and the plastic in a slurry, and wherein the agglomerating step (2) is spray- 
dried agglomeration. 

18. A method according to daim 16, wherein the agglomerating step (2) is mechanical agglomeration. 



EP 0 487 273 A1 



19. An abradable material which comprises 

(a) a substantially continuous matrix, the matrix being formed of a material selected from m tals, metal 
alloys and ceramics, 

(b) solid lubricant inclusions dispersed throughout the matrix, and 
5 (c) plastic Inclusions dispersed throughout the matrix. 

20. An abradable material according to claim 19, wherein the abradable material is a coating on a substrate. 

21. An abradable material according to claim 20, wherein the coating is an abradable seal, and the substrate 
10 is an engine shroud or a compression housing. 

22- An abradable material according to any of claims 19 to 21. wherein the matrix-forming material, and/or 
the solid lubricant, and/or the plastic is or are as defined in any of daims 3 and 5 to 13. 

15 23. A method of forming an abradable coating which comprises the steps of 

(1) providing a powder having a matrix-forming component, a solid lubricant and a plastic, and being 
as defined in any of claims 1 to 15, 

(2) heating and accelerating the powder towards a substrate with a thenmal gun to fonm a deposit on 
the substrate, and 

20 (3) allowing the deposit to cool on the substrate to fonn an abradable coating. 

24. A method according to claim 23, wherein the themnal spray gun is a flame spray gun or a plasma spray 
gun. 

25 25. A method according to claim 23 or 24, wherein there is also a step of removing the plastic from the abrad- 
able coating by thermal means to provide a porous abradable coating. 

28. A modification of any of claims 1 to 25 wherein some or all of the plastic Is substituted by graphite. 
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